The principal aim of this article is to review and reformulate the work published by Bridi and Fialho [1], in 1997, about the use of virtual reality immersion techniques for enhancing workers performance'. The challenge to be solved is related to the discussion about eventual advances occurring since the publication of the original work published. The strength of the achievements relies on the open dialogue established with different human cognition theories. We consider not only Humberto Maturana and Francisco Varela autopoiesis (human biological foundations theories) but also some other approaches derived from Education Sciences and Knowledge Management. The focus is on Artificial Intelligence and the use of Immersive technologies. The state of the art is established and its contributions towards the construction of knowledge are investigated, as a means for the development of formation and capacitation activities of the workforce. The methodology used is the bibliographical revision on several databases and the search of theses in the main universities. The greatest weakness of the research relies on the fact that we limited the search to documents using the English, Spanish, or Portuguese language. Some of the open immersion problems of virtual immersion are also treated.
I. INTRODUCTION
The emergence of new technologies, the differences in countries' economic and legal environments due to the process of integrating into the global economic community together with changes in the social mentality of today, make the education received obsolete from primary school all the way to university. As time goes by, today's education turns to be insufficient to face the new situations that arise at the workplace and in everyday life. The obsolescence and the natural forgetfulness of the acquired knowledge provoke a reduction in the effectiveness of the company's work force. Physical and virtual environments present a challenge to the way we prepare this work force.
The education system, responsible for the integral formation of the individual, is not prepared to move forward adapting to technological innovations changes, and demands of the production and service processes and of the organizations themselves. The highest demands are within the industry and services, which face the question of how to make the workforce be formed and updated at the same rate.
The introduction of new technologies and innovations in the production process are altering not only the way of performing tasks in the company, but also the way of understanding and organizing the work, for whose development types of tacit and explicit knowledge are required [2] . The instruction or training in the traditional canons carried out within mass production systems is no longer sufficient and does not capture contemporary company staff formation needs such as: knowledge creation, knowledge management, services management, production, extraction, etc. At the same time, the highly rotating nature and the growing diversity of the workforce require new formation and training approaches where the new paradigm is learning while working.
Learning in organizations aims to improve the performance of the workforce, which is reflected in value: better products and services, low costs, a more competitive market position, greater innovation, improved productivity, increase when market sharing, etc. In the context of business, learning is the process through which workers acquire new knowledge or skills with the purpose of improving their performance.
This challenge can be covered in part by the formation and capacitation technologies associated with the Internet, such as the systems of : E-Learning, Adaptive E-Learning, M-Learning, U-Learning and especially systems based on Immersive and Augmented Reality Technologies.
The original work was published more than 20 years ago by Alfaro-Casas, Bridi and Fialho [1] , considering mainly the biological bases of human cognition (autopoiesis theory), and the most important approaches on Education Sciences. We now also discuss concepts derived from Knowledge Management and Intellectual Capital ideas, whose emergence and maturity period have transformed the forms of organization management. Information and Communication technologies are elements that allow organizations to acquire competitive advantage. Likewise, it was necessary to establish the state of the art of immersive technologies, and analyze and reformulate their possibilities of application in workforce formation, capacitation and learning environments.
In this paper, Section II explores human cognition; Section III explores immersive technologies; Section IV explores and analyzes the potential of immersive technologies in the construction of knowledge; Section V discusses some virtual immersion open problems. Finally, future conclusions and recommendations for this work are established in Section VI.
II. HUMAN COGNITION
In this part of the work, organization of living beings' concepts, and the concepts of plasticity, cognition, learning, and language are reviewed according to the proposal of Maturana and Varela [3] , considering the reformulations proposed by subsequent authors [4] , as well as other approaches derived from Education Sciences Knowledge Construction and neurosciences as well as other approaches from the organization theories tradition, such as knowledge management and intellectual capital as well as marketing, considering the points of view and requirements of these areas, whose action impacts organizations and their systems of human talent capacitation.
A. Biological Bases of Human Cognition
The concept of Autopoiesis proposed by Maturana and Varela [3] , and summarized by Razzeto-Barry [4] , as "An autopoietic system is a network of processes which produces all the components whose internal production is necessary to maintain the network operating as a unit", that is; It is the ability of living beings to self-produce themselves. In accordance with Dittus and Vasquez [5] , "You have the idea that the nervous system is an instrument that obtains information from the environment, which is then used by living beings to build their world." Each autopoietic unit is unique, since it is characterized by phylogenetic inheritance or Phylogeny (history of the species) defined as, the succession of organic forms that are related due to a sequence of reproductive relationships; and by the history of individual adaptations or ontogeny [6] . Ontogeny is defined as "the history of the structural change of a unit without losing its organization". At the level of a living being's organization, all organic operation is knowledge, as the aphorism says: "all doing is knowing and all-knowing is doing".
Social systems are systems of coordination of actions in language, that is, a conversation network that Maturana [7] defines as: "Flow of coordination of actions and emotions, which we, observers, distinguish as occurring between human beings who interact recurrently in language". The author also argues that "We live in communities that exist as networks of conversations, intercrossed, not intersected, of different types, that match each other in their flow through the intersection in our corporality". The author mentions the following types of conversations:
• Coordination of present and future actions.
• Complaints and apologies for agreements not taken.
• Of wishes and expectations.
• Command and obedience.
• Characterizations, attributions and evaluations.
• Complaints about unfulfilled expectations.
Consequently, different human autopoietic systems generate their own networks of conversations, which even affect their bodies. As a result, they move through these networks on a daily basis, regardless of their conscience, in domestic, educational, political, social, religious, etc. spaces, acting in tune with the actions related to these conversation systems they motivate to be and do. For Maturana [7] , human relations that are not based on the acceptance of the other as "A legitimate other in coexistence" are not social relations, the author affirming that labor relations, "are not social because they are founded on the commitment to fulfill a task, and in them the fulfillment of the task is the only thing that matters".
In Flores and Terry [8] , the role of the background and interpretation is highlighted while retaining the focus centered on the commitment engendered by the acts of language. These concepts are of paramount importance in the design of contemporary computer systems for the support of educational activities, which at present have involved the conception of systems that consider the Ontological level, as well as predictive and highly adaptive functions to the characteristics and profiles of the apprentices, and the same ones that have the support of the techniques and methodologies and techniques of Artificial Intelligence. A cognitive system is "a system whose organization defines a domain of interactions where it can act with relevance to the maintenance of itself, the process of cognition being the actual performance or behavior in this domain" [7] . On the other hand, for Austin [9] , speech acts consist of three elementary levels:
• Locutive act: it is the idea or concept of the phrase, that is, what is said.
• Illocutive act: it is the specific intention of speech acts.
• Perlocutive act: it is the effect(s) that the statement produces in the receiver in a given circumstance.
Speech acts can be classified according to their intention or purpose to which they refer, as follows:
• Assertive or expository acts: the speaker denies, asserts or corrects something, with a different level of certainty.
• Management acts: the speaker tries to force the listener to execute an action.
• Commitment acts: the speaker assumes a commitment, an obligation or a purpose.
• Declarative acts: the speaker intends to change the state in which something is found.
• Expressive acts: the speaker expresses their mood.
Communication mediated by speech acts enables communication in relation to the so-called explicit knowledge, which becomes the tradition of knowledge management [10] , establishing the difficulty to establish communication in relation to tacit knowledge [11] . With regard to the use of knowledge for the understanding of language, the processes involved in the acts of speech, listening and reading, have similarities; even having some different attributes. In reading, each word can be seen as a whole; however, a spoken word spreads in the environment. The word provides a more ambiguous and confusing signal than a printed text [12] .
Most theories about text comprehension are also relevant for speech comprehension, as there is a lot of evidence that indicates that there is a close relationship between these two processes. It is important to establish an understanding of the mind and its realizations in the perception, learning, thinking and using language, considering the processes in which individuals deal with stimuli, how they organize data, how they solve problems and use verbal symbols [12] .
Understanding a situation requires that the cognitive subject have a model of that situation. However, at a certain moment a model may be insufficient for the construction of certain concepts, arising from the need to resort to another model, which raises the need to propose systems that have a high degree of adaptation to the requirements of the cognitive subject, which has different learning and thinking styles, and therefore the diversity of demands for processes and resources must be recognized. Consequently, individual learning models evolve towards models with a higher level of organization and converge in the actions of business organizations in the direction of team learning.
In contemporary organizations, there are profound changes due to the increasingly growing demands, in relation to quality, productivity, innovative capacity among others, for the production of goods and the provision of services that make organizations focus on obtaining competitive advantage and generally favoring teamwork over the individual, which brings with it the requirement of establishing new ways of organizing tasks, new instruments for controlling results and new ways of successfully evaluating the management of operation processes , changes that have an impact on the training of the workforce, which presents demands for skills to acquire, often for the treatment of complex issues in short periods of time. Team learning, defined by Senge [13] , as the process of alignment and capacity development, is today privileged by organizations over personal and / or individual learning systems.
Likewise, for Maturana [7] , "Education is constituted in the process in which the child or the adult lives with another and when living with the other, transforms spontaneously, so that their way of living, is progressively done more congruent with another, in the living space". Education occurs, therefore, all the time, in a reciprocal way, as a contingent structural transformation to a history in living together in which it turns out that people learn to live together in a way that is configured, according to the living of the community where they live. Education as an "educational system," shapes a world, and students confirm in their living the world they lived by being educated in education.
The perspective of teaching in the biology of love [14] , considers that many of the different forms of bodily dynamics, which emerged with the evolutionary history that gave rise to humanity, reappear in the ontogeny of the child's physical and mental development. Children's free play, when emerging without the influence of adults, is organized spontaneously based on innate forms of actions, movements and perceptions, which come from human evolutionary history or phylogeny. Thus, the forms of children's free play are not arbitrary; they are forms of body dynamics that are linked to ancestral behavioral territories, to expressions and connections between the living being and its environment, and whose current forms are just transformations of archaic forms.
These concepts have given rise to what is now known as the Biology of knowledge, an approach in which, as human beings are like other living beings, operationally closed and engaging with others through linguistic mediation, -that is, they live in language-they learn, relate, coordinate with others and live experiences in the emotional world in which they are immersed. Finally, in relation to training in the context of knowledge biology, these ideas point to the use of the new technologies such as ICTs, VR, Augmented Reality and Social networks, that meet the demands of education and training of organizations and the workforce.
B. Approaches from the Perspective of Education Sciences
Regarding the explanation of the development of human autopoietic units, it can be said that various approaches try to explain this, and some theorists propose educational philosophies or currents, which are briefly explained as follows:
1) Constructivist Perspective: The works of Gestalt psychologists, Piaget [15] , Vygotsky [16] , Bruner Bartlett [17] and Dewey [18] , emphasize the active construction of meaning by the individual. This approach, instead of postulating the memorization of information, postulates the creation of meaning and construction of knowledge.
A constructivist point of view makes us recognize the potential of an 'invented reality', strongly influenced by the individual's capacity for perception and action [19] . The epistemological point of view identifies the nature of knowledge as caused primarily by a process of construction and interpretation that is based on personal experiences, mental structures and perceptual mechanisms, which are deeply rooted in the individual's corporeity and in real or simulated contexts.
Many constructivist perspectives consider the social context as one of the fundamental factors of knowledge that people acquire regarding themselves and the world. Various theories that also try to explain the information processing carried out by the human autopoietic unit, the representation of knowledge in memory, and the individual differences between students.
2) Constructionism is one of the contemporary dogmas in education theory: According to this approach, learners assimilate knowledge through constructive tasks. The goal of the approach is to foster creativity and motivate learning through activities. Learning is most effective when placed in an activity, passively received [20] . For Bruckman [21] , the term "constructionism", involves two types of construction:
• Learning is an active process, in which people actively build their knowledge and experiences in the world (idea based on the theories of J. Piaget).
• The idea that people build new knowledge when they are involved in the construction of products of personal significance. What is important is that they are actively involved in the creation of something that is meaningful to themselves and others in their environment.
Finally, Winn [22] points out that Immersion in a virtual world allows us to construct knowledge from direct experience, not from descriptions of experience. Any learning that is mediated by a symbol system, whether text, spoken language, or computer, is inevitably a reflection of someone else's experience not our own.
In Maturana [23] , it is suggested that intelligence or "plasticity", comes from the greater or lesser capacity of organisms to adapt to their environment. Immersive VR can be one of the emerging technologies, which allow to recreate real or virtual environments, with the advantage of being able to abstract and synthesize some variables, such as time, and space among others, that will allow unique and original experiences in First person, that is to say without symbolic mediation and therefore reflection, enabling formation and learning that involve tacit and explicit knowledge, in a direct, original, unique and unforgettable way. Next, immersive technologies and their application possibilities will be explored, for the construction of first-person learning environments that generate rich and lasting personalized experiences.
C. The Perspective of Knowledge Management and Intellectual Capital
Knowledge is interpreted as the fact of knowing, mastering certain activity, situation, task, etc., based on the information, experience, and beliefs that the individual possesses, within a given environment [10] . Many authors claim that the only source of competitive advantage is knowledge, and knowledge is the only significant resource, being more than a simple resource in the equation of the factors of production, land, labor and capital [24] . The industries that have managed to grow in the last 40 years have grown because they were structured around knowledge and information. In this scenario, the center of gravity in employment is rapidly moving from manual and administrative work to the knowledgeable employee [25] . There is another way of understanding knowledge, associated with the ability to respond quickly to customers, create new markets, develop new products and master new technologies [26] . The company that creates knowledge as a place where "inventing new knowledge is not a specialized activity (...) but a way of acting; a way of being where everyone can be considered as a knowledge worker. There is a relationship between organizational learning and continuous improvement.
On the other hand, tacit knowledge is knowledge hidden from the consciousness of the knower. Tacit knowledge resides in the human brain and cannot be easily captured or codified [27] . All our knowledge rests in a tacit dimension. Tacit knowledge expresses itself in human actions in form of evaluations, attitudes, points of view, competences, experiences and skills stored so deep in the worldview of an individual that it is often taken for granted [11] . It can be observed through action.
On the other side, the Explicit Knowledge can be articulated in formal language and transmitted amongst individuals. Explicit Knowledge implies factual statements about such matters as material properties, technical information and tool characteristics [28] . Thus, explicit knowledge can be compressed into a few summary symbols that can be encoded by language in written words and / or machine. By its very nature, explicit knowledge is capable of being captured and widely distributed throughout the organization. In the organizational field, the following types of learning are established [12] :
• Individual learning can be understood as a cycle in which people assimilate new data, information, reflect with past experiences, reach a conclusion or a conception of new knowledge which is used to achieve a new objective. Thus, learning is based on research and problem solving. The processes in which learning happens have a predominant role, so the central point of teaching consists of process and not learning products.
• Team learning [29] , is defined as the process of alignment and development of a team's ability to create the results that its members really want through the development of coordinated actions, establishing the open flow of knowledge, conversations and active participation in the elaboration of the logic to be followed, where teams are the largest unit of learning. The skills developed by a group can establish a pattern for organizational learning, so they have three critical dimensions [12] . 1) Teams need to learn to use the potential of many minds, in order to have greater intelligence than a single mind. 2) Each team member acts in a way that complements the actions of the others. 3) A team that learns, stimulates other teams through the dissemination of team learning practices and skills more widely.
In this case, the introduction of immersive technologies allow incorporating apprentices and team members, whether human or virtual, who are able to use avatars that assume the role of apprentices, masters, team members, or even specialists who have a broad repertoire of explicit and tacit knowledge. The existence of the relationship between Organizational Knowledge Management and the competitive advantage goes through various aspects, but mainly through people and their knowledge. Other aspects are: Knowledge Engineering, and the technology integration between knowledge management and the organizational learning process areas. Each of these three dimensions can be worked on, from the perspective of the generation, preservation and dissemination of knowledge, in order to create a competitive advantage for the company.
III. IMMERSIVE TECHNOLOGIES

A. Virtual Reality (VR)
VR is defined as [30] : "A three-dimensional environment synthesized by computer, in which the plurality of human participants, with appropriate interfaces, can establish contact or interact with representations of other humans from the past, present, and fictional and / or invented creatures". For Yoh [31] , VR is a technology that simulates reality through software, recreating the effect, essence and sensations of a given situation that does not materialize in real events.
According to Gonzales and Lanier [32] , VR refers to completely artificial environment generated by computer, in which the user experiences an immersive and interactive feeling without having any eye contact with their real environment. This virtual world can be the result of a process of digital creation, being able to place the user in a totally fictional world in which the physical and perceptual laws differ completely from their real world. In addition, in the latest systems it is possible to make certain displacements within this virtual world, beyond simple head movements. It is also possible to move the user to a point in real-time, but different from that of the user, previously registered in a 360 • recording, so that it can be reproduced as a virtual deferred experience.
As a variant, is the real-time broadcast or streaming of a recording made anywhere in the world, so that a user can view it as a virtual world elsewhere, and interact with the source through a digital audio connection over the Internet. All these variants allow the user to live a truly immersive experience in a real or fictional world; however, the fact of not being able to observe one's own anatomy within the virtual world subtracts the system from some realism, limiting perception regarding the surrounding reality. Similarly, VR systems excessively evade the user from their immediate environment, producing a certain feeling of dizziness after a prolonged period of use. It is currently applied in entertainment, education [33] , advertising, marketing, Knowledge Management, etc.
In VR there are two types of applications: the "Immersive", where the user is within the simulation, and the "Non-Immersive", in which the user is outside [34] . An important feature of immersive VR is 'Stereoscopy', which allows users to distinguish the depth of the objects they observe, adapting to their natural way of seeing the surrounding environment . This is generated by a binocular vision, creating the illusion of perceiving objects in 3D from two images that are taken from different positions, recreating the human 3D vision [35] .
VR has evolved rapidly. At the beginning it could only be used by scientific-military laboratories at an excessive cost, but it is now possible to have VR equipment at an affordable cost. It is precisely the special characteristics of these devices which are the key components for the design of the proposed architecture located in a virtual environment.
B. 2D, 3D and RV Viewing Modes
For Zohra [36] , there are different approaches to the use of 2D, 3D and RV representations in relation to the Visualization of Information, presenting a brief description of each:
• 2D uses only two dimensions; the graphics are flat, it stands out for its simplicity, clarity and precision when displaying information. A large part of the actual interfaces are designed for this type of representation. In most, the interaction is traditional, using the most common interaction techniques such as: Select and Zoom.
• 3D, is the way in which an object is represented in a three-dimensional space, mapped on a twodimensional surface. The visual perception of 3D it is achieved through the use of visual elements of depth such as lights, shadows and perspectives, but the final appreciation is flat. These environments facilitate navigation, however, they result only from an extension of the interaction techniques in 2D environments, which use visual effects to generate the illusion of volume.
• VR is a technique that enables immersion in a multimodal viewing environment, which also uses stereoscopic images to improve depth perception, making possible to perceive 3D as in the real world. VR environments allow the user to be immersed, causing the interaction to be different. Unlike the visualization techniques in 2D and 3D, VR techniques have not been thoroughly studied or standardized. An example of VR interaction techniques is: Direct manipulation, in which a virtual hand is available to interact directly with the visualization.
Between 60% and 80% of the objects of study to be viewed are of 3D, but most of the visual representations implemented are in 2D, followed by those made in 3D, because those conceived in VR are currently very scarce [37] . The debate regarding the quality between 2D and 3D is still extensive, but many authors reach the consensus that 2D are the most appropriate if accuracy and better interpretation are desired; instead, 3D are useful if better navigation and relative positioning are preferred [38] . Fig. 1 shows an example of the three types of environments. 
C. Immersion
This is a feature of VR in which users are in a simulated environment. An immersive VR system seeks the user to lose contact with reality by exclusively perceiving the stimuli of the virtual world. However, the immersion achieved so far in VR systems is restricted only to spatial immersion; that is, the perception of being physically present in a virtual world [39] . Psotka [33] , states that the fact that a user is in a simulated virtual environment has a huge emotional factor that facilitates cognition and improves information retention, because the user feels that they are part of software. In addition, immersion broadens the user's range of vision, including their displace- Slater [42] distinguishes two ways of experiencing immersive VR: an HMD VR helmet (acronym for head-mounted display) and a three-dimensional cave-like environment . For this purpose, immersion has been achieved through different configurations, for example, a single giant screen may be used as well as anaglyph lenses. Another configuration is that of a CAVE environment, which consists of four or 6 walls of almost 3m3, which function as stereo projection screens. The images are determined as a head tracking function so that, at least with respect to the visual system, participants can physically move through a limited space and orient their head arbitrarily to be able to perceive. Usually, the audio is delivered by a set of speakers in discrete positions around the CAVE [43] .
In this investigation, the immersion will be used based on a VR helmet, which is one of the most comfortable compared to the others and because it gives a greater sense of presence that helps memory and other cognitive processes [44] . But one of the main drawbacks of this configuration is that it can cause dizziness in certain users.
D. Immersive RV Devices
Over the years, different VR devices have emerged, most of them manufactured for a specific purpose. In this investigation, in relation to the proposed system architecture, the hardware configuration would consist of the following devices: 'Oculus Rift', 'Leap Motion', and 'Oculus Go'. Fig. 2 shows the main VR viewers in the market. Oculus Rift (Fig. 2(a) ) is the first to include a series of improvements such as stereoscopy and low latency in the refresh rate. HoloLens (Fig. 2(b) ) experiences how to mix VR and augmented reality, in addition to creating the first holographic processor. PlayStation VR (Fig. 2(c) ) is created for entertainment purposes and noted for its sophisticated design. HTC Vive (Fig. 2(d) ) on the contrary, stands out for its good performance and development platform. Gear VR ( Fig. 2(e) ) uses VR with a wireless approach for which it requires a smartphone. Oculus Go (Fig. 2(f) ) is an alternative similar to the previous one, with the difference that its cost is much lower.
In Table I , these viewers are compared considering the main technical characteristics such as: Screen resolution, refresh rate, viewing angle and price. 
E. Natural User Interfaces (NUI)
NUI are those interfaces in which user interaction is natural, common and familiar [45] . That is why its design
Interaction device prototypes. Source: [37] implies the use of new devices that allow this interaction, which goes beyond the use of the keyboard and mouse. These new generations of devices allow the use of the software by gestures, touch, body movement, voice, etc. Examples of NUI devices are Kinect [46] , [47] , that copy the movements of the body and send them to a virtual avatar. This device allows the user to control the application without requiring another peripheral, because it also allows voice recognition for command interpretation. The great utility of using NUI is that they are intuitive and easy to handle. For example, for nonnative digital people, learning how to use the mouse is quite complicated, but using Kinect is relatively easy for any user. It is this ease of use which is desired in any user interface, but NUI should not be applied to any application; for example, it would be difficult to use Kinect to operate a word processor.
The recent development of input peripherals is changing the way of interaction with digital screens, the mouse and keyboard, and these are being replaced by tactile interfaces based on body movement [48] . These new ways of interacting are part of the evolution of the interfaces, which throughout the history of computing have evolved, changed and diversified. The term NUI was coined by Mann [49] , who explores new forms of computer human interaction, emerging a variety of investigations that focus on new fields of application.
Finally, the NUI, constitute a revolution in the world of computing, not because they will replace the existing and widely used traditional interfaces, but because they enable the creation of new types of applications and new forms of original and novel interactions liable to be applied in Production, Administration, Marketing, etc.
(IJACSA) International Journal of Advanced Computer Science and Applications, Vol. 10, No. 10, 2019 F. Natural Devices Interaction Fig. 3 show the main devices necessary for the creation of NUI. Kinect (Fig. 3(a) ), is the first to appear in the market, created for entertainment purposes for games controlled through transduction, but then used for more advanced applications. Nimble (Fig. 3(b) ), focuses only on hand recognition. Manus (Fig. 3(c) ), unlike the others, uses motion sensors built into gloves.
(a) (b) (c) Fig. 3 . Natural Devices Interaction. Source: [37] The historical review and the establishment of the state of the art allow us to glimpse the enormous potential of the resources and elements of immersive technologies, whose use in marketing strategies will allow innovative approaches.
IV. KNOWLEDGE CONSTRUCTION BY IMMERSION IN IMMERSIVE TECHNOLOGIES
Constructivist learning supported by technology, focuses on how representations and applications can mediate interactions between learners and natural and social phenomena. The key to VR compatibility with constructivism relies on the notion of immersion. First-person experiences consider the treatment of activities in the world and in learning about this. First-person experiences occur when interaction with the world does not involve reflection of consciousness or use of symbols. According to the constructivist theory and with the perspectives of the Biology of Knowledge, the construction of knowledge arises from first-person experiences, which can never be entirely shared. Immersive VR allows first-person experiences through the elimination of interfaces that act in the user-computer interaction [50] . In this, the contribution of the VR is unique, since it allows a synthetic experience to capture the essence of what it really is. The meaning for the person approaching in order to know the world.
Immersion in a virtual world allows to build knowledge from a direct experience, not from a description of the experience. Any learning that is mediated by a system of symbols, whether textual, spoken language or by a computer, is inevitably a reflection of the experience of the other. Any communication in which we use a symbolic system to communicate to another person, can never allow that person to know that world as we know it. The Constructivist theory describes how first-person worlds become internalized and argues that any imposition of symbolic representations motivated by communication requires negotiation in relation to the dominant meaning for commitment [51] . However, in the multi-participant VR, in which a group of participants is immersed in the same world at the same time, it will allow the negotiation of meaning to be established, and communication between participants may be required.
Immersion in VR environments, allows a type of interaction with the objects with which participants interact, similar to the interaction that takes place in the real world. Biology of Knowledge, Constructivism and the so-called "Tacit Knowledge" concept (derived from Knowledge Management Theory), sustain that cognition is non-symbolic and learning is "linked" stated by Maturana [52] , "learning occurs when behavior of an organism varies during its ontogeny, in a manner consistent with the variations of the environment, which it does following a contingent course in its interactions with it". Likewise, the organism does not construct a representation of the environment, nor does it find a proper behavior for it. For it to operate, there is no medium, there are no things to be remembered or memory, only a structural dance in the present, which follows a course consistent with the structural dance of the medium. Otherwise the organism disintegrates. Likewise, learning is action-oriented through interaction with the virtual world, being in that moment that knowledge is built. Papert [20] , [21] uses the word "constructionism" to describe the construction of knowledge that arises from physical interaction with objects in the world. Immersive VR allows physical and perceptual interactions to occur in that synthesized world.
VR extension can simulate the real world. This allows workforce formation and capacitation inside the context they are supposed to apply the acquired knowledge. In order to do this, environments must be proposed and designed following Anchored Instruction [53] perspective, which enable experiences with better results than that obtained when learning out of context. Learning scenarios in factories, respecting logistics and supply operations, simulating experiential marketing actions, supporting Tacit and Explicit Knowledge management, among others, will enable the tuning of learning activities, for example, within the framework of Project Based Learning (PBL) [54], allowing immersions in simulated synthetic environments, to consider aspects of reality or fiction, by modifying some variables such as time, dimensions, costs, Etc. Due to the fact that the virtual environment is computed from data, this allows the participant three kinds of knowledge building experiences that are not available in the real world; however, it can have enormous potential in workforce formation and capacitation: These concepts are called "Dimension", "Transduction" and "Reification" [50] .
The immersion in RV, allows radical changes in the dimensions in relation to the participant and the virtual objects. In the real world, when approaching an object, it appears larger and as it moves away, it decreases in size, there are limits to both ends. There is a point at which there can be no closer approximation to the physical object and this point marks the maximum apparent dimension of an object. In the same way, there is a point at which the object disappears when distance is taken from it. In a virtual world, otherwise, one can infinitely approach or move away from objects, allowing large changes in dimension. For example, before hitting the virtual wall, the subject could obtain approximations, so that smaller and smaller details of the material from which it is constituted, the cellular structures of a wooden panel can be shown and visualized, even the molecules and atoms of which it is basically composed. From another perspective, you can expand the vision of a wall, the exterior of a house, a country or even the planet or the galaxy, all this without violating any of the four conditions for immersion. The advantages of such changes in the dimension for education are significant. Finally, it is possible for the cognitive subject to have a notion of the relative dimensions and distances between the planets of the solar system through flights from one to another. These experiences will depend largely on the metaphors proposed by the designers of these environments.
Likewise, the immersion and interaction technology used in 3D VR systems allows us to overcome didactic obstacles present in topics that contain, due to their nature, situations of danger or potential risk for students [55] ; for example, places of difficult access or that are dangerous can be known easily and safely without the need to physically move to them, solving some problems such as: security issues, industry confidentiality restrictions, long distance trips from work or education centers, which cause transfer costs.
VR, in general, is widely used in the fields of education and formation due to its potentials in stimulating interactivity [56] and motivation [57] [58] . Furthermore, it offers an ideal manner to approach, study and remember new knowledge for all those who prefer this learning style [59] .
On the other hand, the primary motor cortex is the main source of neural signals that control movement, whereas the premotor cortex and supplementary motor appear to be involved in the preparation and planning of movement. Many more parts are involved in motion and communicate through neural signals. The most interesting part is the cerebellum, meaning "small brain", which it seems to be a special processing unit that is mostly devoted to motion, but is also involved in functions such as attention and language. Damage to the cerebellum has been widely seen to affect motor control and learning of new motor programs. One of the most relevant uses of the cerebellum for VR [60] , is in learning sensorimotor relationships, which become encoded into a motor program. All body motions involve some kind of sensory feedback. The most common example is hand-eye coordination; however, even if you move your arms with your eyes closed, proprioception provides information in the form of reference copies of the motor signals. Developing a tight connection between motor control signals and sensory and perceptual signals is crucial to many tasks.
The transducers, similar to eyephones and earphones are used in VR hardware to present information to participants, and to convert participants behavior into software interpretation commands. Transducers are devices that convert information not available to our senses in other ways that are. Changes in size and transduction for access to cognitive subjects to first-person experiences could not be made otherwise. Some of these experiences arise from simulations in relation to some aspects of objects and or events. Others arise from representations through the transduction of objects and events that do not have a physical form, making them perceptible to experiences or the senses, in cases such as algebraical equations, and dynamic populations among others.
"Reification" is the process of creating these perceptible forms. Reification is placed as opposed to simulation. In the simulation, the virtual world contains representations of real objects and their behaviors. Its advantage is that students can interact with them and generally, RV is a more economical alternative for building physical simulators. However, it should be noted that the power of VR can be underutilized, when used for simulation. VR is not used efficiently when it is used to create simulations that can be performed through traditional simulators.
V. SOME OPEN PROBLEMS IN VR IMMERSION Immersion characteristics were analyzed by Postka [61] , through questionnaires designed to access individual susceptibilities for immersion and how deep this experience was to the participants. In the research reported, the questions were carefully built to cover the cognitive factors mentioned in the literature as meaningful for VR environments. A five-point scale of categorical answers was used. Two psychological factors considered as dominants for predicting immersion deepth were: the imagination needed for accepting another reality (a living imaginary turns the participation integral and satisfactory) and the concentration, attention, and selfcontrol needed to exclude real world effects of distraction. The extension of the visual field in an HMO, the precision of the egocentric localization, audio precise information (synchronized with visual changes like rotations, head movements of affirmation, or accelerations), are determinant factors of an in depth immersion. A "cognitive tracking" paradigm was used to get visual-vestibular interactions. The precise synchronization of the spatial head movements and the changes in visual perspective result in a deeper immersion, even with an imprecise coupling between head movement and changes in the visual presentation [61] . Cognitive factors were grouped in two categories, immersion susceptibility and quality:
• Susceptibility depends on imagination (dreams, a gift for replacing old beliefs), a living imaginary (dreaming, previous expectations about VR environments), concentration and attention (attention filtering, cognitive conflict by two recursive immersions, spatial navigation), and self-control (active participation and catharsis). easily perceived and remain a disturbance factor in several VR applications.
Psotka [24] reports that with an exhibition vision greater than 60 • (field of view, FOV), several individuals relate some level of discomfort although not mentioning nausea, (fields of vision less than 60 • FOV, produce a poor sense of immersion. Nowadays a FOV 210 • horizontal and 130 • vertical is reached). The relationship between behavior and the study about self-oriented emotions are strongly dependent on FOV. The most influent requirement for immersion is a solid coupling between head movement and visual exhibition. Data input delays in visual exhibition using HMD immersion results in a brisk interruption of spatial orientation and a poor immersion experience [24] .
Immersion can be understood as a dual phenomenon; from one side it depends on subconscious skills and, from the other side it depends on our voluntary attention abilities that depend on self-control, self-consciousness, will, expectations, etc. Those two factors (implicit versus conscious immersion control) are captured by the found correlation that immersion is more complete in someone that is able to have dreams in colours [24] . How those two components interact is a mystery. The implicit and conscious components seem to perform different things without affecting one another directly. These factors appear so briskly that they make themselves visible in all three sets of correlation: in the susceptibility factors, in the immersion factors, and in their inter correlations. Implicit factors present a kind of dominance. If the delay between the iteraction and the visual feedback of a movement perceived by a hand in VR is too big, there is no image filtering technique sufficient to reduce this delay, disturbance occurs. When the visual system indicates that the egocentric or corporal image is in a certain location but the kinesthetic centers are in some near place, there is no way to integrate these two positions. A long time may be necessary for the learning and adaptation processes to change the cognitive machinery [61] .
Despite the important advances, the treatment of the cognitive and perceptual components of immersion is a longterm challenge, which is required for capacitation and formation, and for educational proposals, because it is known that many of the cognitive representations are in the form of mental models for the understanding of complex systems. Research in VR should be focused on transforming knowledge into experience and turning education, formation and capacitation into more direct and effective action [10] . Instead of supplying access to a greater cyberspace, the equipment used nowadays is still causing sensations like claustrophobia, nausea and confusion after the experiment [10] .
For La Valle [60] , signals from multiple senses and proprioception are being processed and combined with our experiences by our neural structures throughout our lives. In ordinary life, without VR or drugs, our brains interpret these combinations of inputs in coherent, consistent, and familiar ways. Any attempt to interfere with these operations is likely to cause a mismatch among the data from our senses. The brain may react in a variety of ways. It could be the case that we are not consciously aware of the conflict, but we may become fatigued or develop a headache. Even worse, we could develop symptoms of dizziness or nausea. In other cases, the brain might react by making us so consciously aware of the conflict that we immediately understand that the experience is artificial. This would correspond to a case in which the VR fails to convince people that they are present in a virtual world.
While it is true that since the publication of the original article to the present, many of these problems have been overcome or their effects have been reduced, mainly due to innovative approaches and contemporary technological resources applied in the design and development of different elements of hardware and software of immersive technologies, it is seen that efforts and constant research in the area, must achieve improvements and optimizations that are increasingly important, envisioning the improvement of quality, usability and ergonomic attributes of different devices in humanmachine interaction. However, some of these problems must be considered in the analysis and development of systems for education, training and human talent, since the characteristics and particularities of different work environments, the diversity of learning styles and thinking of apprentices, as well as the different educational approaches and conceptions of resources, generate demands for systems and learning objects, with a high degree of adaptability to individual profiles, interests and characteristics of cognitive subjects. The holistic incorporation of some characteristics of the different approaches reviewed, such as the Biology of Cognition, Educational Sciences and especially of Knowledge Management, would make possible the construction of useful environments for a diversity of scenarios and cognoscent subjects.
VI. CONCLUSION AND RECOMMENDATIONS
• The biology of Cognition that establishes the biological basis of Human Cognition, as well as approaches from the educational and Knowledge Management perspective, suggest that intelligence or "plasticity", come from the greater or lesser capacity of organisms to adapt to their environment. Immersive VR can be one of the technologies that allow recreating synthesized real or virtual environments to achieve first-person experiences; that is, without symbolic mediation and therefore reflection, with a high degree of adaptation to profiles and particularities of the cognitive subject, enabling formation and capacitation that involve tacit and explicit knowledge in a direct, original, personalized, unique and unforgettable way.
• The materialization of the perceptual and cognitive components of immersion seems to be a long and arduous task but, the results will compensate all the effort. It is particu1arly satisfactory for formation and educational proposals because we already know that most of the cognitive representations assume the form of mental models that are used for understanding complex systems. VR promises to turn education and formation in tools that will be much more direct and effective than nowadays.
• The state of the art of the biological foundations of cognition, of the different approaches to education and of the immersive VR have been established, allowing to know the enormous potential of this emerging technology, which would make it possible to innovate the forms and methodologies for Innovative formation and capacitation practices, since experiences close to reality can be considered, when using metaphors that include multisensory perceptions, for first-person learning experiences.
• The creation of intelligent formation and capacitation systems is a complex issue that demands the participation of various sources of experience. That is why, for the development of this kind of systems, it is required to employ the method of work in multidisciplinary teams, which include specialists in the fields of pedagogy, psychology, neurosciences, specialists in the domain of knowledge that It aims to teach, technicians in graphic, artistic, computer, multimedia, VR and project management.
• It is essential to insist on a continuous, open and personalized education that allows the individual to update and adapt knowledge throughout their professional life.
• It is important to employ AI approaches, in order to provide formation and capacitation with some adaptive characteristics, derived from user profiles.
